The Cambridge Risk Score (CRS) was developed to screen for type 2 diabetes mellitus risk. We assessed the ability of the CRS to predict glycosylated hemoglobin (HbA 1c ) levels and determined whether the CRS was better than body mass index (BMI) at predicting HbA 1c levels in midlife.
T YPE 2 DIABETES MELLITUS IS increasingly common and is predicted to continue to increase nationally and internationally. 1 Average life expectancy is reduced by as much as 10 years in people with type 2 diabetes, and there is a considerable health burden related to microvascular and macrovascular complications. 2 Approximately 15% to 20% of individuals with newly diagnosed diabetes present with retinopathy, and 5% to 10% have proteinuria. 3 Disease onset can occur as early as 12 years before diabetes is diagnosed, because hyperglycemia develops gradually, with symptoms appearing later, and thus approximately half of all cases are undiagnosed. 4 Although it is argued that there is no justification for general population screening, 5 early detection of individuals at risk of diabetes could be beneficial because early intervention has the potential to prevent the development of diabetes and its complications.
Several risk scores for type 2 diabetes have recently been developed that use information collected from primary care. For example, the Cambridge Risk Score (CRS) was developed in a British population and uses information on age, smoking status, body mass index (BMI) (calculated as weight in kilograms divided by the square of height in meters), family history of diabetes, and prescribed antihypertensive medication and corticosteroids. 6 The CRS has been found to perform well when compared against objective measures of glucose metabolism such as glycosylated hemoglobin (HbA 1c ) level. 7 The HbA 1c level is increasingly used in screening studies for type 2 diabetes after recent international standardization of its measurement. 8 In addition, evidence suggests that individuals with HbA 1c levels of greater than 5.0% (below thresholds used to detect impaired glucose tolerance) have a higher risk of cardiovascular disease and mortality, regardless of their diabetes status. 9, 10 A similar finding for mortality has also been reported for those with a high CRS. 11 The identification of individuals at risk of diabetes and treatment of risk factors is therefore relevant to prevent cardiovascular disease and mortality in addition to diabetes.
Diabetes risk scores such as the CRS are potentially informative in terms of later risk related to complications and mortality. However, no nationwide evaluation studies against objective measures of glucose metabolism exist. Previous studies have been limited to selected populations 13 or conducted in geographically restricted populations. 6, 7 Hence, the CRS has not been analyzed in a sample nationally representative of Great Britain at midlife, when there may be disturbances in glucose metabolism but no apparent disease. This study uses data from the 1958 British Birth Cohort at 45 years of age to evaluate the CRS in a nationwide sample. Specifically we examine (1) the ability of the CRS to identify individuals with elevated HbA 1c levels, using different HbA 1c thresholds; and (2) whether the CRS is better than the BMI alone in predicting HbA 1c levels in this midlife age group in whom obesity may be more important than other components of the CRS.
METHODS

STUDY SAMPLE
The 1958 Birth Cohort consists of data on approximately 17 000 individuals born during a single week in March 1958 in England, Scotland, and Wales, originally collected as part of the Perinatal Mortality Study.
14 Survivors have been reinterviewed regularly at 7, 11, 23, 33, and 42 years of age. 15, 16 At 45 years of age, a survey of biomedical risk factors and disease outcomes was undertaken that included physical assessments and blood collection. 17 Ethical approval for the biomedical survey was given by the South East Multi-Centre Research Ethics Committee, National Health Service (NHS), Great Britain. Of a target sample of 12 070, data were available from 9377 people who participated in the biomedical survey, and of these, 84.2% gave a blood sample from which an HbA 1c measure was obtained (n=7899). A further 329 (4.1%) were missing data required to calculate the CRS. For evaluation of the CRS in this population, individuals known to have type 1 or type 2 diabetes at the 42-year survey were excluded because any diagnostic test of glucose homeostasis would be altered by diabetes treatment (n=118). The analysis sample used herein (n=7452) is broadly similar to the original birth population. For example, for social class at birth, 18.8% of the analysis sample compared with 17.0% of the original population was in classes I and II; 21.7% compared with 24.3% of the original population was in classes IV and V. Thus, those from unskilled manual backgrounds were slightly underrepresented in the analysis sample.
MEASURES
HbA 1c Level
Nonfasting venous blood samples were collected in citrate collection tubes. The HbA 1c analyses were conducted by the Department of Clinical Biochemistry, Newcastle upon Tyne Hospitals NHS Trust, Newcastle upon Tyne, England, using highperformance liquid chromatography (HLC-723GHb V A1c2.2; Tosoh Corp, Tokyo, Japan) 18 and standardized to Diabetes Control and Complications Trial values. 8, 19 The HbA 1c level was dichotomized to allow analyses according to 3 different thresholds: 5.5% or more, 6.0% or more, and 7.0% or more. The 7.0% HbA 1c threshold is associated with the diagnosis of diabetes by World Health Organization criteria 20 ; 6.0%, with elevated HbA 1c levels consistent with hyperglycemia. [21] [22] [23] In addition, the lower value of 5.5% was used because values greater than 5% have been found to be associated with cardiovascular disease and mortality. 9 Approximately 70% of our population had HbA 1c values ranging from 5.0% to 6.9%; however, most of these (84%) were below 5.5%. Therefore, 5.5% was chosen as a lower HbA 1c threshold against which to evaluate the performance of the CRS.
Cambridge Risk Score
Measures to construct the CRS were obtained at the 45-year survey unless otherwise stated.
Components of the Score. The variables used to construct the CRS consisted of age, sex, BMI, family history of diabetes, smoking, and prescribed antihypertensive medication and corticosteroids. Weight and standing height were measured without shoes and in light clothing by the nurse using scales and a stadiometer. The BMI was calculated as the weight in kilograms divided by the square of the height in meters. Smoking status was derived from information relating to historical and current behavior at 42 years of age. Information on currently prescribed medication was collected and antihypertensive medication and corticosteroids were identified for inclusion in the CRS. Information on first-degree relatives (parents or siblings) who had diabetes was obtained from 2 data sources. First, during the follow-up at 7 years of age, parents of the cohort members were asked "Is there a history of any diabetes in parents, brothers, or sisters?" This information was supplemented by data on parental mortality due to diabetes-related causes (original or underlying) by the end of December 2003 using codes E10 to E14 from the International Statistical Classification of Diseases, 10th Revision.
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Construction of the CRS. The CRS was calculated as the probability (ranging from 0 to 1) of having type 2 diabetes using the coefficients derived by Griffin et al. 6 The coefficients were derived from a logistic regression model that used data available from a diabetes prevalence survey of patients registered with a Cambridgeshire general practice (the Ely Study) and validated in a diabetes screening study of 41 practices in southern England (the Wessex Study). The CRS is the sum of the coefficients of the variables included in the model; the higher the score, the greater the chance of having diabetes. The probability of having type 2 diabetes is calculated using the following equation: 
DATA ANALYSIS
The ability of the CRS and BMI to identify people with elevated HbA 1c levels was tested using receiver operating characteristic (ROC) analysis. The ROC curves were constructed to assess how well the CRS and BMI could detect individuals with HbA 1c levels greater than or equal to 5.5%, 6.0%, and 7.0%. The area under the ROC curve (AUC) 24 was used to compare the ability of the CRS and BMI to differentiate individuals at these HbA 1c thresholds. The larger the AUC, the better the performance of the CRS or the BMI. We compared the sensitivity, specificity, and positive predictive value of cutoff points of the CRS (those published previously and those identified in our analysis) and BMI (those identified in our analysis). Associations between the individual CRS variables and HbA 1c level were evaluated using multivariate logistic regression. All analyses were undertaken using Stata software, version 8.2 (StataCorp, College Station, Tex). per 6 had optimal sensitivity (76.9%; 95% CI, 64.8%-86.5%) and specificity (77.8%; 95% CI, 76.9%-78.8%) for identification of individuals with HbA 1c levels of 7.0% or more in our population ( Table 2) . The optimal CRS cutoff for detection of HbA 1c levels of 6.0% or more was identified in our analysis as 0.128 or more, with a sensitivity of 78.2% (95% CI, 72.2%-83.3%) and specificity of 63.9% (95% CI, 62.7%-65.0%). For BMI, a cutoff of 30.00 or more was estimated to have the best sensitivity and specificity to differentiate individuals at the HbA 1c thresholds of 6.0% and 7.0%. No cutoff with adequate sensitivity or specificity could be identified to differentiate above and below the HbA 1c threshold of 5.5%. Figure 2 shows that people with HbA 1c levels ranging from 5.5% to 6.0% have values of CRS and BMI across a wider range than is seen for those with HbA 1c levels of more than 6.0%, thereby illustrating the poorer differentiation for individuals at the HbA 1c threshold of 5.5%.
RESULTS
Sixty
Using the optimal CRS cutoffs ascertained from ROC analyses, 37% of individuals would be considered to be at increased risk of hyperglycemia (CRS, Ն0.128) and 22.3% at increased risk of diabetes (CRS, Ն0.199). Similar to the results obtained by the CRS cutoff of 0.199 or more, 23.7% of the cohort was considered to be at risk of diabetes using the BMI of 30.0 or more. Although the CRS and BMI had good sensitivity and captured most individuals with elevated HbA 1c levels at this age, only 3.0% of all individuals with a CRS of 0.199 or more and 2.6% of those with a BMI of 30.0 or more would have an HbA 1c level of 7.0% or more (positive predictive value). When the HbA 1c threshold is lowered to 6.0% or more, the proportion of individuals captured increases, thus the positive predictive value rises to 6.4% for the CRS (Ն0.128) and 8.2% for the BMI ( Table 2 ).
The populations detected by the CRS or the BMI with respect to the different HbA 1c thresholds are shown in Figure 2 . Forty-five of 65 people with HbA 1c levels of 7.0% or more (69%) were detected by both measures, 5 (7.7%) by the CRS alone, and 6 (9.2%) by the BMI alone. For HbA 1c levels of 6.0% or more, 66.8% were identified by the CRS and BMI, 11.0% by the CRS only, and 4.4% by the BMI only. Nonetheless, there may be some important differences between individuals identified by the CRS and BMI. For example, 16.4% of those at risk on the CRS were currently using antihypertensive medication compared with 10.0% of those at risk on the BMI.
Logistic regression models examine the associations between the individual CRS variables and the different HbA 1c thresholds ( Table 3 or more. As the HbA 1c threshold increases, the prevalence of obesity increases, ie, 38.4%, 68.1%, and 76.9% for the 5.5%, 6.0%, and 7.0% HbA 1c thresholds, respectively. The associations for antihypertensive medication, corticosteroids, and family history of diabetes also strengthen as the HbA 1c threshold is raised, but the trend for smoking status is in the opposite direction.
COMMENT
Little is known about the prevalence of risk for type 2 diabetes in Great Britain. The CRS was developed to identify individuals at risk of type 2 diabetes; however, it has not been tested on a large, nationally representative population. To our knowledge, this is the first study to compare the CRS against an objective measure of glucose metabolism using a national sample. Until recently, data on type 2 diabetes in the 1958 British Birth Cohort have been limited to self-reported information with 0.8% reported cases of type 2 diabetes by 42 years of age. 16 In this report, we found that a further 1% had HbA 1c levels of 7.0% or more, which could reflect the prevalence of undiagnosed diabetes at 45 years of age, and 3% were hyperglycemic (HbA 1c level, Ն6.0%). Results from this study confirm that the CRS identified individuals with elevated HbA 1c levels in our population with good accuracy; however, BMI alone performed just as well as the CRS. The CRS and BMI indicated that 22.6% and 23.7% of the study sample, respectively, could be at increased risk of developing diabetes. Although the prevalence of elevated HbA 1c levels was low, hence the low positive predictive values of the CRS or BMI, both measures indicated that approximately 20% of the population were at increased risk of development of diabetes. Thus, at this relatively young age, before most diabetes outcomes have occurred, the CRS or the BMI is a potentially useful measure to estimate population prevalence levels of risk for type 2 diabetes. Thereby, information on the prevalence of risk in adults who are of middle age indicates the potential future burden of type 2 diabetes.
Some limitations of our study are acknowledged. Attrition of sample size has occurred and, most relevantly for the purposes of our study, it has disproportionately affected those from unskilled manual backgrounds. Given that the unskilled manual classes are at greater diabetes risk than others, our study provides a conservative estimate of the true population at risk. As our main outcome, we used HbA 1c level rather than an oral glucose tolerance test result, which was not available from the survey. The HbA 1c level is used to monitor long-term (2-3 months) glucose control in patients with diabetes and is considered to be as good at predicting microvascular complications associated with type 2 diabetes as the oral glucose tolerance test. 25 The risk of complications rises with increasing levels of HbA 1c , 26 and reductions in HbA 1c levels lessen the occurrence of complications as shown in 2 randomized controlled trials. 27, 28 However, the use of HbA 1c level as a screening test has not been recommended, mainly due to lack of standardization. 29 Recent international standardization of HbA 1c assays has facilitated the use of HbA 1c levels in several diabetes screening studies. 20, 22, 23, [30] [31] [32] Our study is also limited by the lack of complete information on first-degree relatives with diabetes in the 1958 Birth Cohort. We have relied on information collected once when the study participants were 7 years of age, supplemented by whether either of their parents had a diabetes-related cause of death. 17 Consequently, we may have underestimated the CRS, although it has been reported elsewhere that omitting family history does not have an appreciable impact on the score. 6, 7 In general, the CRS performs comparably in the 1958 Birth Cohort to other British studies. The AUC value of 84% for the CRS against the 7.0% HbA 1c threshold is higher than that reported by the European Prospective Investigation of Cancer and Nutrition (74%), 7 but similar to the findings from the original Cambridgeshire Study (80%). 6 The CRS identified a slightly smaller proportion of individuals who may be at risk of development of diabetes in the 1958 Birth Cohort (22%) than in the Cambridgeshire Sample (30%). Outside Great Britain, the CRS identified 50% of the Horn population in the Netherlands. 11 However, the specificity of the cutoff point (0.199) was lower (52%) in that population than in the 1958 Birth Cohort. A study from Germany also found poor sensitivity and specificity of the 0.199 CRS cutoff. 32 Thus, risk scores for diabetes derived from one population may not be suitable for use in different populations because the extent to which risk is estimated will vary considerably. This is in common with other scores such as the Framingham Coronary Risk Score. 33, 34 The ability of the BMI to predict HbA 1c level as well as the CRS suggests that the BMI is a particularly important component of the CRS in British adults in the mid40s. Compared with results for the CRS in other populations, the odds ratio for the association between obesity (BMI, Ͼ30.0) and HbA 1c level of 7.0% or more was 17.0, stronger than the associations reported from the European Prospective Investigation of Cancer and Nutrition (odds ratio, approximately 7.0) 7 and from the Cambridgeshire Study (odds ratio, 12.4). 6 In common with the European Prospective Investigation of Cancer and Nutrition but in contrast with the Cambridgeshire Study, we found no association between corticosteroid use and diabetes. The association for antihypertensive medication varied greatly for all 3 studies, although it was highest in our population, and smoking status had slightly weaker associations in the 1958 Birth Cohort using this simple classification of smoking status. These results suggest that the CRS may perform differently depending on the population characteristics and the distribution of risk factors in that population. The 3 populations described herein differ in a number of ways, including geographical location, the outcome measure used to define diabetes, and the average age of the study participants. The 1958 Birth Cohort is the youngest, with participants aged 45 years, approximately 10 to 15 years younger than the mean age of the other 2 British studies. Although our ROC and regression analyses suggest that the BMI is as good a predictor of diabetes risk as the CRS in midlife, the CRS may have additional benefits in detecting risk of cardiovascular disease.
Results for the 1958 Birth Cohort at 45 years of age indicate that the proportion of individuals with markedly elevated HbA 1c levels who could be considered to be in the range of diabetes was low. The CRS identified those with HbA 1c levels outside the reference range reasonably well and indicated that approximately 20% of the sample was at increased risk of development of type 2 diabetes. However, in this relatively young population, the CRS did not provide any additional advantage to the identification of diabetes risk than the BMI on its own.
